The purpose of this study was to assess the factors affecting the efficacy of combination therapy with losartan and thiazide, with a focus on the significance of salt excretion, via a multicenter observational study. Adult patients with essential hypertension showing therapy resistance to angiotensin receptor blocker (ARB) as a monotherapy or in combination with Ca channel blockers (CCB) were enrolled, and their previously administered ARBs were replaced with the combination tablet containing losartan (50 mg per day) and hydrochlorothiazide (12.5 mg per day). Blood pressure and biochemical parameters were monitored for a year. The baseline blood pressure (153.4 ± 14.8/86.4 ± 11.3 mm Hg) was significantly lowered at the 3rd month (137.3±17.4/78.2±11.1 mm Hg, n ¼ 93) and was maintained at this lower level until the 12th month (135.3±14.0/ 76.4±11.1 mm Hg, n ¼ 74). The baseline value of estimated salt excretion (eSE), calculated using Tanaka's formula, differed significantly between the high and low treatment response groups, which were defined by the average change in mean blood pressure (MBP-C, À11.3 mm Hg; eSE ¼ 10.8 ± 2.9 g per day in high responders vs. 9.2 ± 2.3 g per day in low responders, P ¼ 0.004). Univariate and multivariate analyses showed a significant correlation between eSE and MBP-C (R ¼ À0.288, P ¼ 0.007) and indicated the clinical effectiveness of eSE as a possible predictor for MBP-C (P ¼ 0.021). In addition, the urine Na-to-Cr ratio (NCR) demonstrated significant correlations with eSE (R ¼ 0.848, Po0.001) and MBP-C (R ¼ À0.344, Po0.001). These results suggest that eSE or NCR could, to a certain extent, predict the efficacy of combination therapy with losartan and low-dose thiazide in patients demonstrating ARB resistance. Combination therapy with losartan and thiazide might thus be suitable for patients with a large amount of salt excretion.
INTRODUCTION
It has been well established that salt intake is highly related to blood pressure. In general, changes in the body's salt balance should affect the maintenance of blood pressure, 1 and salt load always induces an increase in blood pressure, even in normal subjects. 2 The central role of salt balance or intake on the blood pressure is supported by the observation that a majority of the genetic abnormalities that cause hypertension are closely related to the functional abnormalities involved in the excretion of salt from the kidneys. 3 The role of impaired salt balance in blood pressure elevation is particularly important for Japanese people because the Japanese diet includes large amounts of salt. The recent annual report from the National Institute of Health and Nutrition of Japan showed that the average salt intake in Japanese men and women is 12.0 and 10.3 g per day, respectively, which are near the highest levels among the developed countries. 4 Excess salt intake results in salt accumulation in the body, leading to an increase in the extracellular fluid (ECF) volume and resultant intravascular volume overload. 5 Salt intake or accumulation also generates vascular resistance through cellular atrophy and increased nitric oxide production in the vascular smooth muscle. 6, 7 Furthermore, a high salt intake induces pressure natriuresis to accelerate renal salt excretion. 8 All of those factors and mechanisms lead to an elevation of blood pressure. Excessive salt intake is also involved in the activation of the renin-angiotensin system in the blood vessels, brain and kidney, 9 the development of obesity 10 and insulin resistance, 11, 12 and the activation of TGF-b 13 or NFkB. 14, 15 All of those factors also contribute to the elevation of blood pressure. In addition, excess salt intake is known to directly induce blood pressure elevation by increasing the salt concentration in the hypothalamus, which leads to the angiotensin-related activation of the sympathetic nervous system. 16, 17 Thiazide, a diuretic agent that mainly demonstrates salt elimination, could decrease the elevated blood pressure by reducing ECF volume and triggering the additional mechanisms indicated above. Indeed, recent large-scale clinical trials have shown that thiazide is clinically effective for the treatment of hypertension. 18 Angiotensin receptor blockers (ARBs) are now recommended as first-line antihypertensive agents in a variety of guidelines for hypertension therapy in various countries, including in the latest Japanese guidelines (JSH-2009), because ARBs have superior effects on blood pressure and various organ-protective benefits. [19] [20] [21] However, ARB monotherapy sometimes fails to achieve a sufficient decrease in blood pressure. Some patients who show resistance to ARB monotherapy might exhibit over-consumption or overaccumulation of salt, which would overcome or cancel the effect of ARBs. Such a pathological setting might be particularly prominent among patients with enhanced salt sensitivity. It is known that resistance to ARB monotherapy is frequently observed in patients with obesity, metabolic syndrome, chronic kidney disease (CKD) or diabetes, and in patients with a high salt intake, all of whom are likely to show enhanced salt sensitivity. 19, 20 Consequently, the coadministration of thiazide to patients who exhibit resistance to ARB monotherapy is a suitable strategy to consider. Indeed, ARB and thiazide combination therapy is recommended in a variety of guidelines for hypertension therapy. 19, 20 The clinical effectiveness of ARB and thiazide combination therapy would be expected to indicate a correlation between this therapeutic modality and the amount of salt in the body or the amount of salt intake. However, this issue has not been sufficiently analyzed at the clinical level. The present study was designed to study the factors that contribute to decreasing blood pressure by focusing on the correlation between treatment response and salt excretion (or intake) in cases resistant to either ARB monotherapy or combination therapy with an ARB and a Ca channel blocker (CCB) in a multicenter cohort study in Saitama Prefecture in Japan (Saitama Anti-hypertension Losartanhydrochlorothiazide Trial: the SALT study group). It is hoped that the results will expand our treatment options for patients with ARB-resistant hypertension.
METHODS

Study subjects
This study was conducted at 16 centers participating in the SALT study group (Appendix). The study was performed in accordance with the principles of the Declaration of Helsinki, and the investigational protocol was approved by the Ethics Committee for Human Studies at the Saitama Medical University. Patients who visited one of the participating centers between May 2008 and April 2010, were diagnosed with essential hypertension, and were prescribed an ARB with or without concomitant CCBs for 41 month were considered for screening. Among those patients, adult cases who did not achieve the target blood pressure for anti-hypertension therapy described in the 2004 Japanese Society of Hypertension Guidelines for the Management of Hypertension (p130/85 mm Hg for young and middle-aged adults andp140/90 mm Hg for adults older than 75 years) 22 were considered potential candidates for entry into the trial. All of the enrolled patients provided their informed consent. Patients were excluded from the study if they were taking any type of diuretic or thiazolidinedione and if they exhibited renal insufficiency (serum creatinine 42.00 mg dl À1 or estimated glomerular filtration rate (eGFR) o30 ml min À1 ), heart failure (New York Heart Association functional class III or IV for dyspnea at exertion) or severe liver dysfunction.
Study protocol
After screening, 104 patients were enrolled in the study. Their blood and first morning urine were sampled for baseline biochemical laboratory data, and their ARB regimens were switched to a regimen of concomitant losartan (50 mg per day) and hydrochlorothiazide (HCTZ, 12.5 mg per day) by use of combination tablet. After the medication switch, the enrolled patients were followed up monthly at the individual centers for a 12-month period. The follow-up visits included blood pressure measurement and medical interviews to confirm the absence of adverse effects from the medications. At the 3rd-and 12th-month visits, each patient again provided blood and urine samples for the same measurements that were taken at baseline. During the first 3 months of follow-up, 11 cases were excluded from this study because the patients were not compliant with the medication regimen (4 cases) or because of loss to follow-up due to a move or other causes (7 cases). Consequently, 93 participants (38-95 years old) finished the initial 3-month observation. The baseline characteristics of the 93 participants who were eligible for analysis are provided in Table 1 , along with the number and average doses of previously prescribed ARBs. During the next 9 months of follow-up, another 19 patients were excluded from the study because they discontinued the medications (9 cases), were lost to follow-up (9 cases) or withdrew consent (1 case); thus the final group consisted of the 74 participants who were successfully followed up for 12 months. Estimated salt excretion (eSE, g per day) was converted from the value of estimated 24-h Na excretion (24HUNaV), which was determined using the following equation, proposed by Tanaka et al: 23 predicted value of 24-h urine Cr (PRCr, mg per day)
Statistical analysis
All biochemical parameters except brain natriuretic peptide (BNP) and the urine albumin-to-creatinine ratio (ACR) are expressed as the means±s.d.
As the BNP and ACR values did not show normal (parametric) distribution, they were expressed as median, first and third quartile values. The significance of the difference for continuous variables with parametric distribution was Figure 1 shows the changes in the average systolic blood pressure (SBP) and diastolic blood pressure (DBP) values in the patients who completed the 12-month observation (Figure 1a) , and the average changes in blood pressure from the baseline values are also depicted (Figure 1b ). In the 3rd month, both SBP and DBP showed a significant decrease from baseline (153.4 ± 14.8/86.4 ± 11.3 mm Hg at baseline, 137.3 ± 17.4/78.2 ± 11.1 mm Hg in the 3rd month). However, the blood pressures did not change further over the subsequent 9 months (135.3 ± 14.0/76.4 ± 11.1 mm Hg in the 12th month), indicating that the significant decrease in blood pressures achieved by the losartan and thiazide combination therapy occurred within the initial 3 months. The blood pressure changes in the 3rd month were À16.1 ± 13.6 mm Hg for SBP and À 7.9 ± 12.1 mm Hg for DBP, as shown in Figure 1b . Table 1 shows the baseline characteristics of the enrolled patients who completed the first 3 months of observation (93 cases). The criteria for obesity, diabetes and dyslipidemia were as follows: obesity, body mass index (BMI) X25.0; diabetes, the use of anti-hyperglycemic medications or fasting blood glucose 4125 mg dl À1 ; dyslipidemia, the use of lipid-lowering medications or total cholesterol X220 mg dl À1 and/or high-density lipoprotein-cholesterol p40 mg dl À1 and/or triglyceride X150 mg dl À1 . The ARBs that the subjects were taking upon enrollment in this study are also listed in Table 1 , along with their average doses. Thirty-five patients were concomitantly taking a CCB upon their enrollment in this study; the CCBs used included amlodipine (20 cases, 5.6 mg per day in average), long-acting nifedipine (6 cases, 23.3 mg per day), azelnidipine (5 cases, 12.8 mg per day), benidipine (2 cases, 6.0 mg per day), cilnidipine (1 case, 10.0 mg per day) and nicardipine (1 case, 5.0 mg).
RESULTS
The time-differential changes in the biochemical parameters of the blood and urine tests are summarized in Table 2 . The majority of parameters, including serum K, serum uric acid, blood sugar and hemoglobin A1c, did not show significant differences during the observation period. The eGFR based on a Japanese population 24 showed a significant decrease at the 3rd month, although there was no significant difference in eGFR between the 3rd and 12th months. The BNP level and ACR also showed significant decreases in the 3rd month compared with their baseline values, and the ACR showed a further significant decrease in the 12th month compared with its value in the 3rd month.
Mean blood pressure (MBP, shown by ((SBP þ DBP) Â 2)/3) decreased from 109.6±10.7 mm Hg at baseline to 98.2±11.1 mm Hg in the 3rd month, and the average MBP-change was À11.3 ± 11.7 mm Hg. Based on this value, the enrolled patients were divided into two groups, a high treatment response group (MBPchange p À11 mm Hg) and a low treatment response group (MBPchange 4 À11 mm Hg), to assess possible contributory factors to the reduction in blood pressure, as shown in Table 3 . With the exception of DBP and eSE, none of the parameters were significantly different between the two groups. The eSE value in the low-response group was significantly lower than that in the high-response group, indicating that eSE and baseline DBP might be the only parameters that show a significant difference related to the blood pressure-change induced by combination therapy. Subsequently, the correlation between eSE and the change in MBP was assessed using univariate analysis. The results showed that aside from DBP and MBP, eSE was the only parameter to show a significant correlation with MBP change, as Table 4 shows. The baseline eSE also demonstrated a significant correlation with SBP and DBP change in the 3rd month, as demonstrated in Figures 2a  and b . To confirm the significance of eSE as a predictive factor for the efficacy of this combination therapy, multivariate analysis was also applied. Parameters that showed a high probability in the univariate analysis or were presumed to be clinically important were examined for their significance as predictor variables. The analysis showed that eSE was the only factor that significantly predicted a change in MBP, with the exception of baseline DBP (Table 4) . Additionally, the difference in parameters between the groups with high and low salt excretion was also studied using the enrolled patients' mean eSE value (9.95 ± 2.70 g per day). In the high eSE group, the MBPchange ( À14.2 ± 10.6 vs. À8.4 ± 11.3 mm Hg, P ¼ 0.013) and ACR Estimated Na excretion and losartan plus thiazide therapy H Hasegawa et al (17.7, 7.6, 61.4 vs. 7.5, 4.9, 16.9 mg per mgCr, indicating median, 1st and 3rd quartile values, P ¼ 0.012) were significantly higher than in the low eSE group. The efficacy of the urine Na-to-creatinine ratio (NCR) as a substitutional parameter for eSE was also assessed because eSE calculation using Tanaka's formula is still fairly complex for use in clinical settings. The univariate analysis showed a significantly high correlation between eSE and NCR, as shown in Figure 2c . As expected from the correlation between NCR and eSE, significant correlation between NCR and MBP change in the 3rd month was also demonstrated by the univariate analysis, suggesting that the NCR was also useful as a predicting parameter of the efficacy of the losartan/thiazide combination therapy. Estimated Na excretion and losartan plus thiazide therapy H Hasegawa et al
DISCUSSION
The present study showed that combination therapy with losartan and low-dose hydrochlorothiazide successfully lowered blood pressures in patients whose hypertension was resistant to ARB monotherapy or ARB and CCB combination therapy. As the types and doses of preadministered ARBs varied among the individual patients enrolled in this study, it could be considered that the clinical advantages obtained with the combination therapy did not result from the addition of thiazide alone, but from the concomitant use of losartan and thiazide. The present study also revealed that the clinical efficacy of combination therapy with losartan and thiazide was more prominent in patients with high levels of salt excretion, suggesting that the presumed salt intake and the efficacy of the combination therapy are highly correlated. Simultaneously, the correlation between eSE and MBP changes might indicate that more than a few patients with ARB monotherapy-or ARB and CCB combination-resistant hypertension demonstrated thiazide-responsive, salt-sensitive features.
The clinical effectiveness of thiazide has been examined for many years. The Joint National Council (JNC)-7 guideline positions thiazide at the center of antihypertensive therapy. 20 Similarly, the latest Japanese guideline for hypertension therapy, JSH-2009, recommend that a low dose of thiazide be adopted as a concomitant agent. 19 Multiple clinical studies have elucidated the potential effects of combination therapy with an ARB and thiazide. [25] [26] [27] Successful reduction of the proteinuria that remains after ARB monotherapy or ARB-CCB combination therapy has also been reported in a clinical study of patients treated with losartan plus thiazide. 28 The present study clearly shows that hypertensive patients who showed ARB monotherapy-resistant hypertension demonstrated a significant further decrease in blood pressure and a significant reduction in ACR by switching to losartan and thiazide combination therapy, in agreement with previous studies. The combination therapy is considered to be especially beneficial for preventing thiazide-associated hyperuricemia and ARB-associated hyperkalemia because those adverse effects should be canceled by the losartanassociated acceleration of uric acid excretion and the thiazideassociated acceleration of potassium excretion, respectively. 29 Indeed, there was no significant change in the serum concentration of potassium and uric acid throughout the entire observation period in this study.
It seems reasonable to consider that the efficacy of thiazide would be at least somewhat correlated with the amount of salt accumulation in the body or the amount of salt intake, although such a correlation has not been directly demonstrated yet. Uzu et al. 30 demonstrated that the antihypertensive effect of thiazide was more obvious in patients with nocturnal blood pressure elevation who showed a large amount of salt excretion compared with cases without nocturnal blood pressure elevation who showed a smaller amount of salt excretion. Although this study did not show a direct correlation between salt excretion and the effectiveness of thiazide, the relationship was indirectly indicated based on clinical observation. In the present study, the advantage of eSE as a parameter to predict Figure 2 The correlation between estimated salt excretion and changes in systolic or diastolic blood pressure and the correlation between urine Na-to-Cr ratio and estimated salt excretion or changes in mean blood pressure in the 3rd month. The individual correlations between changes in blood pressure during the initial 3 months and baseline eSE were plotted (n ¼ 93). The relationships between (a) baseline eSE and SBP changes and (b) baseline eSE and DBP changes were plotted. Correlations between (c) baseline NCR and baseline eSE and (d) baseline NCR and MBP changes were also plotted. R indicates the regression coefficient. Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; MBP, mean blood pressure; eSE, estimated salt excretion; NCR, urine Na-to-creatinine ratio.
Estimated Na excretion and losartan plus thiazide therapy H Hasegawa et al the efficacy of losartan and thiazide combination therapy was shown via stratified, univariate and multivariate analyses, although a rough relationship between thiazide effectiveness and salt excretion or intake has been previously discussed only for stratified groups, such as those with high or low salt intake. 30, 31 Multiple formulas have been proposed for estimating salt excretion. However, we considered that it would be difficult to apply these formulas to this study, because some of them require the measurement of lean body mass 32 or the use of the second urine after awaking as a urine sample. 33 Tanaka et al. 23 have reported that sodium excretion for 24 h could be estimated by the use of urine sodium and Cr concentration and the estimated Cr excretion for 24 h, which would be calculated based on the age, body weight and height of individual cases. The Japanese Society of Hypertension recommends using Tanaka's formula. 34 In the present study, estimated sodium excretion was converted to estimated salt excretion, which was considered a reasonable accurate estimate of the salt intake. Indeed, Tanaka et al. 23 demonstrated that the estimated salt excretion was highly representative of the salt intake. Therefore, the present study suggests that the effectiveness of combined losartan and thiazide for therapy-resistant hypertension would be significantly affected by salt intake and that the estimation and assessment of salt excretion would be helpful for establishing a strategy for therapy-resistant hypertension.
While salt load causes elevation of blood pressure even in normal subjects, 35 there are individuals who show an especially pronounced blood pressure elevation in response to salt intake, that is, saltsensitive hypertensives. 2 It is generally believed that the major clinical features of salt-sensitive hypertension are female sex, obesity, insulin resistance and high incidence of diabetes, renal damage (such as microalbuminuria) and dyslipidemia. 2 The National Health and Nutrition Survey of Japan reported that the prevalence of obesity and the average BMI in Japan were 30.4% and 23.1 in males and 20.2% and 22.3 in females, 4 whereas those of the patients enrolled in this study were 32.7% and 24.5 in males and 42.1% and 24.6 in females, indicating that the study subjects had an obesity prevalence that was higher than that of the Japanese population. Similarly, the enrolled patients also showed a higher prevalence of other parameters, such as dyslipidemia, diabetes and CKD. 4 These clinical features of the patients in this study match the clinical profile of salt-sensitive hypertension, which might have contributed to the appearance of a correlation between eSE and MBP change in this study. It is presumed that patients with salt-sensitive hypertension basically suffer from an impairment of renal salt excretion, 36, 37 suggesting that their salt intake exceeds their salt excretion. Consequently, a realistic salt intake would be assumed to be more likely than the estimated amount. In any case, patients with salt-sensitive hypertension whose blood pressure is predominantly determined by the salt load or accumulation would be considered resistant to ARB monotherapy, but should respond to the combination of an ARB plus thiazide. Alternately, it might also be suggested that many of the patients with resistance to ARB monotherapy or ARB plus CCB combination therapy might have a higher incidence of salt-sensitive hypertension.
Despite the clinical advantages, daily salt excretion or intake assessments are not realistically straightforward because eSE calculation remains complex in the clinical setting. The present study also showed that NCR might be a more reliable parameter than eSE for estimating daily salt excretion, at least in the patients enrolled in this study. In general, the 95% reliable range for the average population is determined by the following equation: mean ± (square root of D) Â k, where D indicates the number of samples divided by the variance of population, and k indicates the reliability coefficient (1.96 for 95% reliability).
Consequently, the 95% reliable range of eSE in the high-responder group would be from 14.5 to 8.4 g per day. An analysis of the correlation between eSE and NCR resulted in the following equation:
NCR ¼ 43.8 Â eSE À238.9 (mmol per g of Cr). Therefore, the 95% reliable range of eSE in the high-responder group would correspond to 396-134 per g of Cr of NCR. Indeed, one study reported that an NCR of 134 mmol per g of Cr might correspond to the salt excretion of Japanese people with average salt intakes, although the study results were based on second urine samples after awaking. 34 Therefore, the study's clinical analysis of NCR suggests that B130 mmol per g of Cr or more would be a rough standard for cases that might be expected to show a prominent response to combination therapy with losartan and thiazide.
In conclusion, eSE or NCR could be used to assess the efficacy of losartan and low-dose thiazide combination therapy in patients who demonstrate resistance to ARB monotherapy. Combination therapy with losartan and thiazide might be well suited to patients who show ARB resistance and high levels of salt excretion.
Limitations
There were some limitations to this study. First, this study was an observational study in the same population rather than a comparative study. Additionally, the number of enrolled cases was o100, and a gender bias existed. These issues raise the possibility that the results obtained in this study are not generally applicable to other populations. However, even in a limited population, the finding of a correlation between estimated salt excretion or intake and efficacy of anti-hypertension therapy using losartan plus thiazide is of clinical importance.
